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ing resin (UDMA)Abstract Marginal adaptation of provisional restorations is a critical property of these treatments.
It is a function of the chemical composition, setting method, and aging procedures. Interim mate-
rials include polymethyl methacrylate (PMMA), polyvinyl ethyl methacrylate (PVEMA), Bis-phe-
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durations under oral stresses and water sorption, and should be rapidly replaced by permanent res-
torations before damaging teeth and adjacent tissues.
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prosthesis treatments.1–8 Due to unforeseen events such as lab-
oratory delay, patient unavailability, and necessary gingival or
temporomandibular joint treatments, interim restorations
must keep requirements for providing patients’ health during
extended treatment periods.1–3,5,9,10 An optimum interim ﬁxed
restoration must protect the underlying preparation, pulp, and
gingiva, and should ensure the return to health of any trauma-
tized soft tissues while the deﬁnitive restoration is being fabri-
cated by the laboratory.1–5,9,11 It must satisfy interrelated
biologic, mechanical, and aesthetic factors,4,6,8,12 including
resistance to fracture, marginal ﬁt, color stability, wear resis-
tance, tissue compatibility, ease of manipulation, and cost.6,8,10
This essay summarizes the commonly used materials and the
effects of aging procedures.
2. Provisional materials
Custom-fabricated materials are used for fabrication of provi-
sional ﬁxed prostheses utilizing direct clinical, indirect labora-
tory or indirect/direct techniques.13,14 These materials are
categorized according to various criteria. The most general
method is the chemical composition of the material, which di-
vided these materials into methacrylates or composites.13,15,16
The most common methods in the material science literature
are categorization by polymerization method and chemical
composition.13,15–17 The four groups included in the chemical
resin composition categories are poly(methyl methacrylate),
poly(R0methacrylate), microﬁlled composite, and light-cured
resin.13,18,19
2.1. The conventional material: polymethyl methacrylate
(PMMA)
The most common interim restorations are made of polymeric
resins which consist of acrylic and composite resins.4 Poly-
methyl methacrylate (PMMA) was ﬁrst invented in 1877. It
was then used in the production of transparent materials
named Plexiglass.13,20 The ﬁrst use of polymethyl methacrylate
(PMMA) in dentistry was for the fabrication of complete den-
ture bases introduced in 1937.13,21 Its qualities of biocompati-
bility, reliability, relative ease of manipulation, and low
toxicity were soon incorporated by many medical specialties.21
The use of PMMA in ﬁxed prosthodontics appeared shortly
after, initially for permanent restorations.13,22,23 Self-curable
PMMA appeared about a decade later with the clinical
implication for interim ﬁxed prostheses.13,24 Since their intro-duction, PMMAs quickly became the most frequently used in-
terim ﬁxed prostheses material.13,25,26 Traditionally
thermoplastic acrylic resins such as PMMA were used as mate-
rials of choice for temporary restorations. These are currently
the most common materials for preparation of provisional res-
torations.18,25–28 Some examples for PMMA include Caulk
temporary bridge resin (Dentsply, York, PA, USA), TCB (Bio-
weld Altripone, Manila, Philippines), Vita VM CC (Vident,
Brea, CA, USA), and Jet (Lang Dental, Wheeling, IL, USA).13
2.2. Novel materials
New generations of interim materials are gaining acceptance
due to their easier handling, more predictable results and bet-
ter mechanical properties.4,29 New interim materials include
polyethyl-methacrylate resin (PEMA), polyvinyl-ethyl methac-
rylate resin (PVEMA), epimines, Bis-acrylic resin composites
and urethane dimethacrylate resin compositetes.13,30
2.3. Poly(R0methacrylate)
This is a family of polymers with the formula of poly(R0meth-
acrylate), in which R0 represents an alkyl group larger than
methyl (e.g., ethyl or isobutyl).13 The most common available
products in this group include polyethyl methacrylate
(PEMA), polyvinyl ethyl methacrylate (PVEMA), and polybu-
tyl methacrylate (PBMA). The materials in this group have
similar clinical behavior.13 Examples for PVEMA include
Snap (Parkell, Edgewood, NY, USA), Trim, and Trim II (Har-
ry Bosworth, Skokie, IL, USA). Examples for PBMA and
PEMA are Temp Plus (Ellman Int, Hicksville, NY, USA)
and Splintline (Lang Dental), respectively.13
2.4. Microﬁlled composite
Bis-phenol A glycidyl methacrylate (Bis-GMA) is a difunctional
monomer of high molecular weight. The polymer form com-
bined with inert ﬁller particles was the ﬁrst resin composite used
in dentistry.13 Further development of the Bis-GMA structure
and ﬁller content led to the development of othermolecules such
as: ethoxylated Bis-GMA, triethyleneglycol dimethacrylate
(TEGDMA) and urethane methacrylates (UDMA).13,23 The
improved material then found its way to other ﬁelds, and
Bis-acryl resins have become popular for fabrication of interim
ﬁxed prostheses. Examples of these materials are Luxatemp
(Zenith-DMG, Englewood, NJ, USA), Protemp 3 Garant
(3M ESPE, USA) and Provipont (Ivoclar/Vivadent,
Liechtenstein).13
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Modiﬁcations to the Bis-GMA molecule and ﬁller materials
and addition of urethane dimethacrylate led to the develop-
ment of the light curable resins.13,23 Visible light energy and a
camphoroquinone/amine photoinitiator initiate the polymeri-
zation of the urethane dimethacrylate material.13 These contain
micro-silica particles to reduce polymerization shrinkage.13
Dual polymerizing composites have both chemically polymer-
ized Bis-acryl and light-polymerized urethane dimethacrylate
resins in various combinations.13,183. Deﬁnition and assessment methods of marginal integrity
One of the major predictors of long-term success of any dental
restoration is its marginal ﬁt, which is a notion never been de-
ﬁned certainly.31,32 Marginal gap might be deﬁned as the per-
pendicular measurement from the marginal surface of the
restoration to the axial wall of the preparation.32 Much has
been said about different variables affecting the marginal ﬁt.
In a hypothetical preparation setup with clear-cut margins,
at least seven types of variables might correspond to marginal
accuracy. These include internal gap, marginal gap, overex-
tended or underextended margins, and vertical/horizontal/
and absolute marginal discrepancies.32,33 However, since ac-
tual margins are usually blunt, different subtypes can also be
considered for deﬁnitions of some discrepancies.34 Various
methods have been utilized for measuring marginal adapta-
tion, including sectioned or embedded specimens as well as di-
rect visualization by stereo- or electron-microscopy and
clinical examinations.31,32,34–374. The association between the marginal gap and postoperative
sensitivity
Among the requirements of a proper provisional restoration
material, marginal adaptation is the most important
one,10,38,39 since a ﬁne margin may provide health for the pre-
pared tooth as well as its gingival tissues which is necessary for
further cementation.6,8,38 Marginal failure might lead to micro-
leakage (as the main cause of tooth sensitivity),40,41 postopera-
tive sensitivity, and recurrent dental caries.24,42–45 This is
because of numerous factors such as the gap between the tooth
and the restorative material, dentinal ﬂuids, material properties
such as dissolution and coefﬁcient of thermal expansion, poly-
merization shrinkage, etc.41,46,47 It may cause pulpitis in vital
teeth due to bacteria toxins, andmay reduce restoration longev-
ity because of bacteria colonization through the restoration-
tooth gap or in dentinal tubules.40,41,47,48 Microleakage might
be more vivid when the preparation margin is in dentin.49–52
This is quite possible in the cervical area and in elderly.52–54 De-
spite the clinical importance of the subject, the studies on it are
rather scarce. Some of the marketed materials have been evalu-
ated in terms of their marginal ﬁt, and the results in this regard
have been controversial.2,3,9,10,29,32,38,39,55,56
4.1. The literature on the marginal integrity
Robinson and Hovijitra9 compared four brands of materials
and reported that the Scultan brand has the less marginaldiscrepancy. It was assumed that the observed marginal open-
ings were caused by polymerization shrinkage. Tjan et al.39
compared six provisional materials (three auto-polymerizing
and three photo-polymerizing) and reported that Interim
crowns made with Splintline (a product of ethyl methacrylate)
and Protemp materials had the best marginal adaptation.
Koumijian and Holmes38 evaluated seven brands and stated
that Duralay, Coldpac, and Snap resins were clinically accept-
able. They as well evaluated the effect of water absorption as a
compensation for polymerization shrinkage, and observed that
it might compensate in all of the materials except Trim and
Protemp resins. Ehrenberg and Weiner3 evaluated marginal
gap changes in four provisional materials under thermal and
occlusal loading cycles. Changes in Alike-unrelined, and Jet-re-
lined, were signiﬁcantly smaller than in Snap-relined and Snap-
unrelined. Ehrenberg et al.,2 compared changes in marginal
gap of two materials under the effect of water absorption
and thermocycling, and observed that thermocycling was able
to change signiﬁcantly marginal gaps in both Bis-acrylic resin
composite, and polymethyl methacrylate (PMMA) copolymer.
Nejatidanesh et al.10 assessed four materials and concluded
that Protemp 3 Garant, Trim II, and Tempron had acceptable
results while Acropars did not. Nivedita and Prithviraj37 com-
pared light-cured and self-cured provisional resins and showed
that light-cured resins might have better marginal ﬁts. In 2008,
Givens et al.35 assessed the marginal discrepancy of four mate-
rials and found that dual-cure Luxatemp Solar showed poor
results, while the materials Snap, Protemp Garant, and Integ-
rity materials showed comparable marginal ﬁts. Balkenhol1
evaluated the polymerization shrinkage of six materials and
observed that Trim had the lowest marginal discrepancy within
60 min. A determinant of material properties is their manufac-
turers, and there are reports of signiﬁcant differences observed
between the results of materials of one type but different
brands, and the results of a particular brand of a material can-
not be necessarily generalized to other brands of the same
material.2,3,10,55,56 Studies have demonstrated that PMMA
might have a good marginal ﬁt.2,3,6,8,15,38,39,57 Several reports
have conﬁrmed the appropriate marginal ﬁt of different brands
of polyvinyl ethyl methacrylate (PVEMA) in direct or indirect
techniques,1,8–10,38,57–59 although Bis-acryl composites might
have even better results.9 Nonetheless, in some studies the re-
sults of Bis-acrylates were not better than PMMA,2 or
PVEMA.10 Some authors have found polyethyl methacrylates
(PEMA)10,29,39 or PMMA2,3,6,8,15,38,39,57 as the best ﬁtting pro-
visional materials. However, certain brands of PEMA have
failed to show good marginal adaptability.10 The effect of
manufacturer on the quality of materials also applies to other
material types, such as Bis-acrylates, which have shown both
good and weak results.29 Other materials have been tested as
well. For example, Nivedita and Prithviraj37 compared light-
polymerized urethane dimethacrylate (UDMA) and autopoly-
merized PMMA temporary resins and showed that UDMA
might have better marginal ﬁts. Balkenhol et al.1 evaluated
the polymerization shrinkage of six materials (two modiﬁca-
tions of monomethacrylate and four dimethacrylate materials)
and reported that monomethacrylates had better marginal
accuracy than dimethacrylates. In their study, Trim (a PVE-
MA) had the best marginal adaptation within 60 min.1 The
controversial results and variations in brand qualities indicate
the signiﬁcance of assessment of different marketed materi-
als,3,10 for providing clinicians with useful information regard-
36 V. Rakhshaning the temporary materials with more favorable marginal
adaptations.
5. Light-curable versus self-curable materials
Several studies have revealed appropriate results using auto-
and light-cure PVEMA materials,1,8–10,38,57–59 including three
studies on Trim or its modiﬁcations (Trim II).1,10,58 However,
Koumijian and Holmes38 assessed marginal ﬁt of the same
brand of this material and did not ﬁnd it acceptable. The mar-
ginal ﬁts for similar materials might differ between some stud-
ies.1,10 The differences might stem from considerable
variations in sample preparation and measurement methods
such as using metal dies or natural teeth, dissimilar prepara-
tion techniques (as the ratio of powder might reduce the
shrinkage rate), setting and storage times (longer times might
contribute to more shrinkage), the time of crown removal,
pressure exerted during reseating, the ﬁlm thickness and vis-
cosity of the provisional cement used, the application site of
the cement, trimming the margins, different deﬁnitions of mar-
ginal gap and different methods for calculating the marginal
discrepancy, which all might affect the reported values.1,31–
37,60 For instance, if applied only to the margins, the provi-
sional cement can reduce the marginal gap to less than 40 mi-
crons, while smearing it to the internal surfaces of the crown
can increase the marginal discrepancy up to about 150
microns.60 Moreover, appropriate time of crown removal is
essential to limit distortion and allow complete polymerization
prior to adjustment and thus making an accurate provisional
crown.10 Most of studies have adopted various types of dies
or templates to standardize their samples.1–3,10,29 Besides the
polymerization shrinkage as the main source of marginal dis-
crepancy,1 another major source for this gap might be the dis-
tortion of the material, once it is removed from the tooth to be
cleaned and cemented.7
Proper results of Bis-GMA/UDMA composites in terms of
appropriate marginal accuracies are found by some
authors.37,38 Also some evidence suggests that light-polymer-
ized materials might have better marginal ﬁts,37 although some
authors have found smaller marginal gaps in self-cured
materials.29 However, some other studies have stated that
Bis-GMA/UDMA may show poor marginal precisions.7,15
Rajagopal et al.61 compared three resinous inlay pattern mate-
rials, and found that the light-curable material might have a
slightly greater marginal discrepancy ﬁrst, but would have a
smaller gap in long term. Appropriate initial marginal gaps
of light cured materials might be in part due to maximum con-
trol and ease of manipulation10,29 during condensation due to
the higher working time available before beginning the light
curing. However, working times for condensation of the self-
cured materials might be limited by the rapid process of auto-
polymerization. Furthermore, the physicochemical properties
of composites, containing ﬁller particles, and probably better
control during light curing might contribute to the less shrink-
age and better initial results of them.1,4,10,37 Besides, shrinkage
might depend on the chemical composition of materials,
including the primary monomers and ﬁllers, as well as the
degree of conversion (DC) of the material, which is the propor-
tion of single carbonAcarbon bonds in a polymer structure to
double carbonAcarbon bonds among monomers.1,10,35,62,63
Rapid formation of a highly cross-linked network limits thecascade of composite polymerization.63 During the propaga-
tion phase, the polymeric chains grow continuously to larger
oligomers.63 Unless these oligomers are not cross-linked,
mechanical stability might still be low. Increase of only a small
amount of additional cross-links might link a vast amount of
oligomers together, forming a rigid polymer with much better
mechanical properties.35 Bis-GMA materials have high molec-
ular weights. Thus, the double bonds of Bis-acrylate mono-
mers available in many light-cured materials might not be
converted completely to single bonds, possibly due to the loss
of mobility and decreased reactivity of the polymer radicals in
the highly viscous polymeric network after setting.35,63 Never-
theless, despite their low DC, these materials still show appro-
priate mechanical properties.35 A justiﬁcation is that these are
multifunctional monomers with more than two reactive double
bonds per molecule. Hence, their application might result in
higher densities of cross-links, but at the same time in a de-
creased DC.35 Moreover, monomethacrylates might reveal
higher polymerization shrinkage compared to composites due
to the lower molecular weight of the monomers involved.2,7,10
In addition, fabrication procedures might account for the dif-
ference.1 Proper initiation or mature termination of polymeri-
zation process is necessary for appropriate mechanical
properties.8,10 The control during the preparation of the self-
cured materials might be lesser than the photo-polymerized
one due to entrapment of voids, deviations from the optimum
proportions required for consistent mix, and remaining of
poorly blended materials.2,62 Furthermore, the exothermic
polymerization reaction might lead to additional contraction
when the self-curable material cools.8,10 On the other hand,
this can favor marginal adaptation of light-curable composite
which lack this particular shrinkage.10 The differences in the
results may be attributed to the different experimental conﬁg-
urations and the different brands used.56
6. The role of aging and moisture in the marginal ﬁt disruption
The size of the marginal gap for a provisional crown should be
held at about 50–100 microns, similar to that of deﬁnitive ﬁxed
prostheses, in order to provide proper maintenance of healthy
periodontal and pulpal tissues.1,2,10,60 Marginal ﬁt can be
negatively affected by moisture absorption and thermal
cycling which may inﬂuence the physical properties of acrylic
resin.1–3,38 The underlying mechanisms for marginal gap
enlargement after performing aging procedures are not clearly
known. However, they might include factors such as the voids
in acrylic resins, polymerization stresses, retained residual and
unreacted monomer, crack propagation from thermal and
occlusal stresses transmitted to the marginal area, and water
sorption.2,3,10 The moisture along with the effect of salivary
esterases might reduce the lengths of polymer chains, leading
to fatigue of the residual resin at the marginal areas.2,64 Fati-
gue might cause the release of residual stresses resulting in
the loss of resin integrity at the margins.2 Temperature ﬂuctu-
ations cause resin contraction and expansion at the margins,
promoting crack propagation through areas of weak resin,
which might increase marginal discrepancy.2,3 The negative ef-
fect of aging on marginal adaptation of provisional crowns is
regardless of their type and brand, as well as the size of
marginal discrepancies after aging procedures.2,3,38 This indi-
cates the importance of timely replacement of provisional
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extended treatment period, they might need regular periodic
evaluation and adjustment to preserve marginal integrity.2
7. Effects of the materials on the dental pulp in preparations with
thin remaining dentin thickness
Pulp is threatened by chemical insults by the leached free
monomers and the temperature rise during exothermic chemi-
cal reactions.18,63,65 Slight increases of pulpal temperature can
devitalize a considerable proportion of pulp cells,66–73 through
mechanisms such as coagulation of protoplasm, expansion of
the liquid in the dentinal tubules and pulp, vascular injuries,
and tissue necrosis.72,69,73 The temperature increase depends
on the extent of polymerization,65,70,71,63 the size of restoration
and thickness of intermediate dentin,71,74,75 and light curing
(up to 6 C increase).71,55 All the provisional resin materials
share the common problem of producing heat during the poly-
merization,6,72 and thus might damage the pulp.72,76 Several
studies have described the heat-producing capability of com-
monly used provisional restoration materials.11,65,72,77–79 It
has been shown that PMMA, vinyl ethyl methacrylate, light-
curable UDMA and Bis-acryl composite resin might produce
increased temperatures during polymerization.65,72 Also faster
polymerizing resins might generate higher temperatures than
slower polymerizing materials might.18,76 This energy depends
also on the amount of the used material.11,72,77 A study com-
pared two groups of ﬁve materials: two self-curing resins
(Integrity and Protemp Garant) and 3 dual-cure resins (Iso-
Temp, TCB Dual Cure and Provipont DC).72 They concluded
that the self-curing resins caused a signiﬁcantly higher temper-
ature rise during polymerization than the dual-cure resins.
There was no signiﬁcant difference among peak temperatures
of products within the same category.72 The lower exothermic
reaction heat of dual cured resins was conﬁrmed in other stud-
ies as well,11,65,78 which could be attributable to the fact that
Bis-GMA resin has a lower rise in temperature than the Bis-ac-
ryl composite, and that the dual-cure resins contain a Bis-
GMA component.72,78 However, light-cured UDMA (compos-
ite) might still cause a severer intrapulpal temperature increase
that PMMA, PVEMA, and Bis-acrylic resins do, possibly be-
cause of the absorbed light energy.11 Not only PMMA has an
exothermic polymerization,11,18 it might irritate the pulp by the
release of excess free monomers.18,24,15,80
8. The reaction of the periodontium to provisional restorative
materials
Inﬂammation and recession of the free gingival margin might
happen around the contour of interim restorations.18,81–84
The recession is time dependent and not always completely
reversible.18,81,84 It might be less if the margin of the provi-
sional restoration was anatomical and its pressure to the gin-
giva was less.18,82 Some authors detected no changes in the
gingiva associated with interim restorations over 3 weeks.18,85
Some investigators found the presence of necrotic tissue and
plaque around poorly ﬁt margins, but they still did not observe
a negative inﬂuence of poorly shaped margins on gingival
health (such as increases in bleeding).18,83,86 Besides plaque
accumulation,86 provisional materials can also absorb bacte-
rial endotoxin.87More than the eluted chemicals from provisional materi-
als, their surface roughness might matter, as it can retain
bacterial plaque.88–91 Although different materials differ in
surface roughness,83 a highly polished surface might reduce
plaque accumulation and gingival damage.82,88,92 Using
matrices besides some resin composite material (Protemp II
Garant) might leave no need for polishing.93 Even it was
shown that by using chlorhexidine, the plaque index might
reduce and gingival health might improve during the provi-
sional period.84,86 However, according to some researchers,
the plaque adherence might be attributed to the properties
of the composite itself because it might not be only limited
to the trimmed and polished marginal areas but might be
as well seen at the smooth surface of the vacuum-formed res-
torations.86 A study found resin coating materials helpful in
reducing the attachment of porphyromonas gingivalis to in-
terim restorations.91 Ayuso-Montero et al.93 evaluated the ef-
fect of matrix type on surface roughness of two acrylic resins
(Trim II, Tab2000) and one Bis-acryl composite (Protemp II
Garant), and concluded that the smoothest surface belonged
to Protemp II Garant composite regardless of the matrix
used and that there might not be a universal matrix that pro-
duces the smoothest surface on each of the three resins
studied.
Clinical concentrations of agents eluted from self-curable
acrylic resins might be cytotoxic for various cells such as gin-
gival ﬁbroblast.83,88,94–96 However, according to some authors,
the chemicals released from interim restorations fabricated
from four materials (HI-I, Jet Acrylic, SNAP acrylic, and Pro-
temp Plus) might not be cytotoxic and did not induce cell-med-
iated collagen degradation, although there were some
signiﬁcant changes in cytokine expression.97
Provisional restorations might endanger the health of peri-
odontal tissues by their generated polymerization heat since
periodontal tissues (especially traumatized ones or in elderly
and medically ill patients) can be injured by temperatures
above 47 C.63,65,98,999. Conclusions
It seems that none of the materials have advantages over the
others in terms of marginal integrity after long-term use. Aging
procedures can considerably disrupt the marginal ﬁt of tempo-
rary crowns. Since these materials tested might fail to keep
proper marginal ﬁt for long, rapid replacement of provisional
crowns with ﬁnal restorations is recommended.Source of funding
This research was self-funded.Conﬂict of interest
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